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Abstract 
The task of maritime pilots is to support safe navigation of ships, e.g. in port waters, and berthing in harbors. Contemporary ships 
tend to become continually larger due to economic needs. This trend makes the job of pilots more and more challenging. As a 
consequence the need for electronic support specifically tailored to pilots’ practical requirements grows. The paper will present a 
graphical user interface design based on Smart Glasses to support pilots in harbor maneuvers. In many harbors, pilots are already 
supported by Portable Pilot Units (PPUs) usually displaying navigational information on a tablet or laptop. These devices require 
pilots to look down and to move their gaze away from the most important information source, the direct ship environment. Smart 
Glasses would allow the pilot to continually look outside of the window and thereby keep focused on the relevant working 
context. The graphical design has been developed using the well-established Ecological Interface Design (EID) method [16]. 
This approach has the aim to create interfaces which provide assistance to detect and solve problems especially in unforeseen 
situations. In accordance with the EID approach we performed a Work Domain Analysis and developed an abstraction hierarchy 
of the ship in its environment. Additionally, we conducted empirical studies to derive interface requirements in close cooperation 
with pilots from different harbors in Germany. The interface design takes into account the complete socio-technical system 
consisting of pilot, vessel, vessel crew, and supporting tugs and tug masters. A prototype has been developed on state-of-the-art 
Smart Glass devices. The design has finally been evaluated using a scenario-based interview technique. This evaluation 
underlined the promising opportunities of Smart Glasses for pilots and allowed to derive further requirements to tailor the design 
even more to the practical needs of pilots. 
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1. Introduction 
“The skill and knowledge required to navigate a ship in a harbor versus at sea is significantly different. Most 
ship collisions, allisions, and groundings occur in harbors, because that is where navigation becomes restricted by 
land, shallow water, other vessels, and man-made structures like jetties, bridges, and piers.”[9]. 
To cope with the challenge of safe navigation in port waters and berthing in harbors, the captain is supported by 
maritime pilots. The fact that ships tend to become continually larger due to economic needs causes that harbor 
maneuvers become even more challenging. As a consequence, maritime pilots rely on additional information that is 
currently not available within the ship’s bridge system, e.g., water depths on a daily basis combined with the actual 
tide. Thus pilots often bring a so-called PPU (Portable Pilot Unit) on board. The PPU is a tablet- or laptop-based 
system providing further information – usually navigational information - needed by the pilot. The advantage of 
having more information such as actual water depths – which are indistinguishable with a look outside the window – 
causes at the same time a disadvantage: The pilot is forced to look down and to move his gaze away from the most 
important information source, the direct ship environment. 
The following paper addresses this problem by presenting Smart Glasses to support maritime pilots during harbor 
maneuvers. Smart Glasses allow the pilot to access further information while continually looking outside of the 
window and thereby keep focused on the relevant working context.  
Nevertheless showing more information in the pilot’s field of vision also means that his cognitive workload 
increases to process all information transmitted. Pilots often have to cope with unforeseen problem situations. In this 
regard cognitive resources are necessary for problem solving. Thus it is not only important which media the 
information conveys, but also how the information is visualized:  
“... a person’s interpretation of a problem is strongly influenced by the way in which the problem is initially 
presented. When given a well-organized but incorrectly structured initial problem state, people tend to keep that 
organization and thus have difficulty changing their representations and reaching a solution. People look for 
possible clues in the problem as presented, for better or worse depending on whether the clues are appropriate or 
misleading. Consequently, the same problem can be presented in various    ways that are more or less difficult.”[7]. 
Thus the graphical design has been developed using the well-established Ecological Interface Design (EID) 
method [16]. EID is a framework to design interfaces which provide assistance to detect and solve problems 
especially in unforeseen situations. The interface design takes the complete socio-technical system consisting of 
pilot, vessel, vessel crew, and supporting tugs and tug masters into account. 
To evaluate the idea, a prototype has been developed for the current state of the art in the field of smart glasses. 
The interface has finally been evaluated with pilots of the ports in Hamburg.  
The prototype and its interfaces are described in detail in the following paper: In section 2, related works are 
presented to depict the state of the art in the field of maritime pilot supporting systems and to clarify the added value 
of the presented innovation. The methods are presented in section 3, starting with an explanation why the decision 
was made for smart glasses as medium for conveying the information. In section 3.2 the design approach is briefly 
described. This description is followed by the presentation of design and evaluation results in section 4. The paper 
concludes with a short summary and a short depiction, how the smart glasses and the design will be further tailored 
to meet the practical needs of pilots even more. 
2. Related work 
The state of the art in the field of pilot assistance system are laptop or tablet based systems usually displaying  
navigational information[1].  An example for such an assistance system is PIA. PIA stands for „Pilot information 
assistance“ and is a tablet-based supporting system developed by Trenz AG and 7Cs [15]. Comparable systems are 
E-Sea Fix developed by Marimatech [13] and NAVI-Sailor 4000 Pilot made by Transas [14]. An approach taking 
smart glasses into account does not currently exist. 
Furthermore the application of Ecological Interface Design for designing Augmented Reality (AR) in the 
maritime domain has not been tried before.  
In the aviation sector, the ecological interface design approach is well-established: Beevis et al. [3] developed an 
ecological interface illustrating fuel consumption in aircraft systems. The Aerospace Engineering group of TU Delft 
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conducts research in this field as presented by Amelink [2] and Ellerbroek et al. [6]. In this regard EID is applied to 
improve support for collision avoidance or to present energy management information in the flight display. 
Derivative works are currently performed by Higgins et al. [10]. 
In the maritime domain prior works has been carried out by Burns et al. [5]. The authors presented a work 
domain analysis for command and control of maritime destroyers. An interface has not been designed in this 
context. 
The full application of the entire EID-approach in the maritime domain has been performed by Morineau et al. 
[12]. The aim has been to figure out, if EID is applicable in natural systems: “The results are that the [developed 
interface] leads to less misreading, shorter response times, and a subjective preference among novices and experts.” 
[12]. 
Thus, prior works has shown the practicability of EID to create interfaces for safety-critical human-machine 
interfaces and thereby offer a good opportunity to be applied to augmented reality interfaces for smart glasses to 
support pilots during harbor maneuver as presented in the following text. 
3. Methods 
Improving the support for pilots during harbor maneuvers covered two principle tasks: Firstly, we had to decide 
which medium is ideal for conveying further needed information and secondly, we had to methodically design the 
AR interface to keep the mental workload of the pilots as low as possible. These two points are addressed in the 
following section. 
3.1. Smart Glasses as PPU 
A serious disadvantage of the state-of-the-art PPUs lies in forcing the pilot to look down on a laptop or tablet to 
access further information. Thereby the main working area gets out of the pilots focus which can cause a new kind 
of errors and problems during harbor maneuver. In conversation with pilots, we recognized that the slightest 
movement of a ship is relevant. This direct ship movement is visible looking outside the window, but can hardly be 
recognized on a laptop or tablet. Thus to gather all information needed to fulfill the challenge of navigating a ship in 
port waters or berthing in harbors, the pilot has to switch constantly between different viewpoints. This causes a loss 
of performance during the pilotage task [17]. Thus cognitive resources are not available to solve upcoming problems 
and thereby to prevent serious damage. Recently, Smart Glasses like Google Glass, Vuzix M100, or the EPSON 
BT200 have become available on the prosumer market. These devices offer a non-distracting and hands-free AR 
human-machine interface at the price level of off-the-shelf products. 
To allow the pilot keeping focused on the relevant working context, we chose to use Smart Glasses as device to 
convey necessary information. The pilot can directly assess further information about the ship and its environment 
without losing sight of the essential point – the direct ship movement and the environmental conditions.  
To guarantee a support in all possible weather and visibility conditions, it is planned to combine the new Smart 
Glasses with the currently available tablet-based PPU systems. Thereby it is possible to revert to a representation of 
the harbor, the tugs and the ship that is not depending on the current visibility conditions. To realize this back-up 
solution, we developed interfaces corresponding to the designs which have been elaborated for the Smart Glasses. 
3.2. Designing the interface with EID approach 
To design the AR interface we methodically applied the EID approach. EID has been proposed by Vicente et al. 
[16] as theoretical framework for designing interfaces for complex human-machine systems. There exist two goals 
of EID: “[F]irst, not to force processing to a higher level than the demands of the task require, and second, to 
support each of the three levels of cognitive control [resulting from the skill, rules, knowledge taxonomy]. Thus, an 
EID interface should not contribute to the difficulty of the task, and at the same time, it should support the entire 
range of activities that operators will be faced with.”[16]. 
The steps to perform the EID approach to design the AR for the Smart glasses are shown in Fig. 1.  
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Fig. 1. The EID-approach for AR-Design of the Smart glasses (in accordance with Burns et al. [5]). 
As first step we performed a Work Domain Analysis (WDA) and developed a WDA model in form of an 
abstraction hierarchy. Therefore we conducted empirical studies in close cooperation with pilots from different 
harbors in Germany. The abstraction hierarchy takes the whole environment into account – the ship, the ships 
environment and the tugs. It is organized into five levels: At the highest level, the Functional Purpose is described. 
This includes the overall system goals.  
These main goals have further been specified at lower abstraction levels: The Abstract Function level describes 
the underlying laws and principles that govern the goals of the system. The processes to achieve these abstract 
functions are specified at the third level – the Generalized Function level. The lowest levels – the Physical Function 
level and the Physical Form level describe the physical components associated with the identified processes, its 
capabilities and its condition, location, and physical appearance. The elements on each abstraction level are 
connected to the lower or higher abstraction level via means-end links: “Most interesting perhaps are relationships 
that express means-end links or relationships that cross abstraction levels. These relationships are found when an 
equation uses two variables at different levels of your hierarchy. The interesting thing about these equations is that 
they express how lower level elements work towards higher level purposes. [...] Showing these relationships on your 
interface reduces mental workload dramatically and may also help your users to understand the system that they are 
monitoring even better.”[5]. 
4. Results 
The abstraction hierarchy takes the ship, the environment and the tugs into account. On Functional Purpose level 
of the ship we identified two major purposes: The ship should maneuver safely and efficiently. For maneuvering 
safely, several aspects have to be taken into account. The ship has to swim, it has to properly perform translatory 
motion with the required speed as well as rotational motion using the ships complete steering gear and at the same 
time the ships stability has to be maintained and collision and groundings have to be avoided. Due to the extent of 
the analysis (covering more than 120 elements), not all details will be described here. Nevertheless a part of the 
raised elements appear in the design extracts presented in the following text. 
The results of the abstraction hierarchy have been used to derive an AR design considering different abstraction 
levels for the information visualisation. An insight into the results is given in Fig. 2 and Fig 3. 
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Fig. 2. The AR main design for navigation in confined waters. 
Fig. 2 illustrates the AR main design for navigation in confined waters. The water depths are indicated with 
intuitive colors. In this regard the actual water depths - including the tide checked against the ships draught - is 
visualized. The drift is illustrated with the help of vectors. Furthermore other ships are indicated. Ships which have 
to go past the own ship, are visualized with a vector. This vector is helpful to estimate the distance between both 
ships when passing by. The color of this vector (ranging from green to red) indicates, if the safety gap is sufficient to 
prevent both ships from effecting each other hydrodynamically.  Ships driving in the same direction are accentuated 
with a circle having the foreign ships actual speed over ground  inside. The color of the circle indicates, if this ship 
has to be overtaken in the future – taken the actual own ships speed over ground (SOG) into account. Hazardous 
zones, in which the ships speed should be decreased – for instance bathing areas, are marked with a red triangle 
showing the target speed.  
In the left bottom corner, symmetric symbols show if everything is alright with the ship: The first circle is 
derived from a polar diagram. In dependence  to different variables achieved during the WDA, the circle indicates if 
the propulsion system is working correctly. An asymmetric circle would be an indication that a problem is present 
within the propulsion system of the ship. In this case a change to the propulsion view is possible to achieve further 
information to solve an upcoming problem. 
The square with the small grid indicates that the ship is stable. If trim or heeling arises, the square will become 
asymmetric. The next symmetric symbol represents the bouyancy of the ship and the last circle depicts if everything 
is ok with the maneuverability of the vessel. 
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Fig. 3. The AR design for berthing. 
Fig 3. shows the AR design for berthing. As described before the symmetric symbols in the left bottom corner 
provide an overview to assess, if everything is alright with the ships propulsion system, the bouyancy, the 
maneuverability and the stability. In the left upper corner a bird’s eye perspective of the ships is shown. This view is 
helpful to estimate position and distance of the ship with regard to the quay wall. Furthermore the position and 
movement of the tugs are visualized. Further information about the manoeuvering of the ship is presented as main 
part of the AR display: At the bottom, the current heading and the speed over ground is shown. Moreover the actual 
rate of turn (ROT) is indicated with the violet curve. At the top the rudder angle is iluustrated. The green rectangles 
at the bottom and the top further illustrate the speed of the bow and stern thruster of the ship. The connecting line 
helps to estimate the future position of the ship in accordance to the current state of bow and stern thruster. The two 
circles on the right side of Fig. 3. are derived from polar diagram, indicating if everything is well with the thruster 
systems. 
Due to the fact that the EID approach does not directly cover communication between pilots and tug masters, we 
also conducted a task analysis to cover this communication. As a result, we were able to identify different feedback 
loops which lead to the interface design shown in Fig. 4.  On the left side in the middle, the orders given by the 
pilots to the different tug masters are shown. In future works this should be realized with speech recognition. The 
colors indicate if the tug master has already read the new order. In the upper left corner, the pilot is able to see if the 
tug master performed his order and in the upper right corner the bird eye view of the ship and the tug shows if the 
intended effect is reached. 
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Fig. 4. AR design based on communication analysis. 
The presented interfaces have been evaluated with pilots. The evaluation method as well as the results are 
described in the following section. 
4.1. Evaluation  
The Evaluation has been performed using a scenario-based interview technique. Therefore we prepared interfaces 
where problems (e.g., engine oil level too low) are shown. First the interface, where no problem occurred has been 
discussed with the pilots. After that, a problem scenario has been discussed to see if the interface provides assistance 
to detect and solve problems especially in unforeseen situations. 
The results have been, that the idea using smart glasses was received very positively. The design has also been 
appreciated. During the evaluation, it turned out that the interface was very intuitive and easy to learn. The pilot was 
able to rapidly notice when a problem occurred and to solve it with the help of the information provided by the 
interface. 
Due to the fact that we used the EID approach for interface design, tasks as for instance planning a berthing 
maneuver were not included in the interface. Another critical point in the evaluation has been that trends must be 
visualized in that way, that they can be perceived at one glance. 
Besides both of these critical  aspects, the principal idea of using Smart Glasses as pilot support during harbor 
maneuvers has been met with great approval. The Evaluation underlined the promising opportunities of Smart 
Glasses for pilots and allowed to derive further requirements to tailor the design even more to the practical needs of 
pilots. 
5. Conclusion and future work 
The paper presented the idea of using Smart Glasses as support for maritime pilots during harbor maneuvers. 
Therefore an AR-interface has been designed using the well-established EID-approach. In this regard we conducted 
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a detailed work domain analysis in close collaboration with pilots of different ports in Germany. Based on this 
design, we developed a prototype based on state-of-the-art Smart Glasses. 
The interfaces have been evaluated with a scenario-based interview technique revealing that the idea for Smart 
glasses in combination with the newly created AR interfaces has greatly been approved. 
In the future this idea should be further pursued and realized in collaboration with established companies in the 
field of developing PPUs and pilots in Germany. Therefore different methods in the field of interface design for 
safety-critical Human machine interaction systems should be combined e.g. Task analysis, EID etc: Applying 
different methods revealed that both methods lead to different interfaces having different opportunities. To benefit 
from the advantages of the different interfaces, we want to work on an approach unifying the different methods in 
that way that the merits can be combined. Thereby we are able to further improve the design.  
References 
[1] L. Alexander, M. J. Casey. Use of portable piloting units by maritime pilots. Proceedings of the Canadian Hydrographic Conference and 
National Surveyors Conference, 2008. 
[2] M. H. J. Amelink. Visual Control Augmentation by presenting Energy Management Information in the Primary Flight Display. An   
Ecological Approach. Master’s thesis, TU Delft, 2002. 
[3] D. Beevis, K. J. Vicente, and N. Dinadis. An exploratory application of ecological interface design to aircraft systems. Proceedings of the 
NATO RTO Symposium on Collaborative Crew Performance in Complex Operational Systems, 1998. 
[4] K.B. Bennett, J.M. Flach. Display and Interface Design: Subtle Science, Exact Art. Taylor & Francis, 2011. 
[5] C.M. Burns, J. Hajdukiewicz. Ecological Interface Design. Taylor & Francis, 2013. 
[6] J.Ellerbroek, M. Visser, S. BJ van Dam, M. Mulder, MM van Paassen. Design of an airborne three-dimensional separation assistance display. 
Systems, Man and Cybernetics, Part A: Systems and Humans, IEEE Transactions on, 41(5):863875, 2011. 
[7] J. M. Flach and K. J. Vicente. Complexity, difficulty, direct manipulation and direct perception. Number 89-03 in EPRL. Urbana, Ill., 
Engineering Psychology Research Laboratory, Dep. of Mechanical and Industrial Eng., University of Illinois, 1989. 
[8] J. Fritelli. Ship navigation in harbors: Safety issues. CRS Report for Congress, February 8, 2008. 
[9] A. Garabet, C. M. Burns. Collaboration with ecological interface design. Proceedings of the Human Factors and Ergonomics Society Annual 
Meeting, 48(3):543546, 2004. 
[10] P. G. Higgins, Y. Ibrahim. Flight Collision Avoidance System for Self-Separation. In Proceedings of the 2014 European Conference on 
Cognitive Ergonomics, ECCE ’14, pages 27:1 27:8, New York, NY, USA, 2014. ACM. 
[11] A. Lee, M. J. Casey. Use of portable piloting units by maritime pilots. Proceedings of the Canadian Hydrographic Conference and National 
Surveyors Conference, 2008. 
[12] T. Morineau, E. Beuzet, A. Rachinel, and L. Tobin. Experimental evaluation of a tide prediction display based on the ecological interface 
design framework. Cogn.Technol. Work, 11(2):119 127, February 2009. 
[13] E. B. Nielsen. A PPU users rst hand experience, www.porttechnology.org (27-07-2014). 
[14] TRANSAS. NAVI-SAILOR 4000 PILOT - Designed by pilots for pilots, http://www.transas.com/(27-07-2014). 
[15] Trenz AG and SevenCs. PIA PPU - Flyer, http://www.trenz.ag/ (27-07-2014). 
[16] K. J. Vicente, J. Rasmussen. Ecological interface design: theoretical foundations. IEEE Transactions on Systems, Man, and Cybernetics,  
22(4), 1992, pp.589-606. 
[17] C. D. Wickens. Multiple resources and performance prediction. Theoretical Issues in Ergonomics Science, 3(2), 2002,  pp.159-177. 
